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(S) Optical fiber assembly and process for preparing same. 

© An optical fiber assembly comprising at least two plastic 
optical fibers and an embedding material, said plastic optical 
fibers being arranged substantially in parallel to each other 
and embedded in said embedding material, wherein each 
plastic optical fiber comprises a core of polymer having a . 
refractive index, ni, and a cladding of a polymer having a 
refractive index, n», wherein the refractive indices m and n* 
satisfy the following relationship (I) 



m - ru > 0.01 
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The optical fiber assembly is prepared by extruding from 
a spinneret a plurality of optical fibers having a core-cladding 
structure and an embedding material of a polymer in three 
layers of core (1) cladding (2) and embedding material (3) 
according to a mert-spinning method; arranging the optical 
fibers in parallel to each other before solidification thereof; 
and bonding the optical fibers together through the embed- 
ding material. 
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OPTICAL FIBER ASSEMBLY AND PROCESS 
FOR PREPARING SAME 

• BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

.This invention relates to an optical fiber 
assembly comprising at least two plastic optical fibers, 
5 each plastic optical fiber comprising (1) a core of a 
polymer having a refractive index and (2) a cladding 
•of a polymer having . a refractive index n„* ,- said plastic 
optical fibers 'being arranged substantially in parallel 
to each other and embedded in (3) an embedding material 
1C of a polymer having a refractive index , and also 
to a process for the preparation of this optical fiber 
assembly 

(2) Description of -the Prior Art 

Optical fiber assemblies/ such as. those 

15 composed of ( at least two optical fibers arranged sub- 
stantially in parallel to each other and bonded to each 
other, are increasingly used as light transmitting 
members for optical communication , high speed data 
transmission, various process controls, office 

20 automation, computers and the like. .'•*'" 

One form of an optical fiber assembly, which 
is formed of a great number ; of optical fibers gathered 
and bonded to each other is disclosed in Japanese 
Patent Publication No. 27279/64. According to the 

25 process disclosed .in this patent publication,, a rod of 
a polymer having a high refractive index is melt-drawn 
to form a, .core, and the suirfacie bf the .core . is '-covered 
with a polymer having a low refractive index to form a 
core-cladding step index type optical fiber. A number 

30 of so-prepared optical fibers are wound on a drum in 

parallel to one another,, and they are bonded together so 
that the "claddings are closely contacted with each . other 
to form an optical fiber bundle. The optical fiber 
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bundle is cut and opened to form an optical fiber ■ sheet: . 
Since the thickness of the cladding of the optical fiber 
used in this process is very -small, i.e., less than 
about 50 um, core-to-cbre .bonding is undesirably formed 
when these optical fibers aire bonded together, with the 
result that the light, transmission characteristics of 
the optical fiber sheet are. reduced. If this optical, 
fiber sheet is bent cr'an external force is applied 
for processing or handling, the bonded portions of the 
optical fibers are broken and deformation is caused in. 
uhe claddings of the optical fibers. A drastic reduction 
of the light transmission characteristics also results. 
■ ; As an optical fiber assembly in which' the 
■above-mentioned disadvantage is eliminated, Japanese- 
Patent Publication : No. ' 23165/78 proposes an optical - 
fiber assembly formed -of- core-cladding optical fibers' ' 
having a non-circular (for example, rectangular or 
: hexagonal) core section, 'When a bending force or 
external force is.", applied to this optical fiber assembly 
on handling thereof, breakage of the bonded" portions of 
the optical fibers is not' caused. However, since the 
core of each optical fiber has a non-circular section, 
the light transmission characteristics of this optical 
fiber assembly are inferior . Therefore a" need continues 
to exist for an optical fiber assembly wherein breakage 
of the* bonded portions of the optical fibers does not 
occur when a bending force or external force is applied 
thereto, and which also possesses excellent light 
transmission characteristics . . 
SUMMARY OF THE INVENTION 

It" is therefore a primary ' object of the present 
invention to" provide an optical fiber assembly which is 
free from the above-mentioned disadvantages, namely, 
which has good light transmission characteristics and 
wherein breakage of the bonded portions of the fibers 
is not caused when a bending force or external force is 
applied. 
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In one aspect: of the" present invention there is 
provided an optical fiber assembly comprising at least 
two plastic optical fibers and an embedding material, 
said plastic optical fibers being arranged substantially 
in parallel to each other and embedded in said embedding 
material, each plastic optical fiber comprising a .core 
of polymer having a refractive ' index n^ and a cladding 
of a polymer having a refractive index wherein the 
refractive indexes n^- and satisfy the following- 
formula [I] : 

n 1 - n- > 0 . 01 [I] , 

In another aspect of -the present invention, there 
is provided a process for the preparation of optical 
fiber assemblies, which' comprises extruding from a. 
spinneret assembly a plurality of optical' fibers 
comprising a cere of a polymer. having a refractive 
index n^ , a cladding of a polymer having a .refractive 
index and an embedding portion of a. polymer having a 
refractive index -n^ according to- a .melt-spinning method 
in three layers, wherein the refractive indexes n^ 
and n 2 satisfy the following formula [I] : 

n l " n 2 = 0 ' 01 ' ^ ' 

arranging the optical fibers in parallel to each other 

before solidification thereof, and then bonding together 

the optical fibers through the embedding portions by 

fusion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(a) and 1(b) show the cross-sections of a 
conventional optical fiber assembly; 

FIG. 2(a) and 2(b) show the cross-sections of 
another conventional optical fiber assembly; 

FIG. 3 shows the cross-section of an optical fiber 
used in the present invention; 

FIG. 4 (aj , 4 (b) , "4 (c) , and 4 (d) show the cross- 
-sections of the optical fiber assemblies of the present 
invention; and 

FIG. 5(a) and 5(b) show the cross-sections of the 
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spinneret assemblies used for the preparation of the 
optical fiber assemblies of the present invention. 
" DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As described hereinbefore, a prior art optical fiber 
5 assembly as disclosed in Japanese Patent Publication 
No.- 27279/64 has the cross-section shown FIG. 1(a). 
When this "optical fiber assembly is bent or an external 
force is applied for processing or handling, the bonded - 
; portions 3 of the optical fibers tend to be broken as 

10 shewn in FIG. 1(b). Another prior art optical fiber 
assembly as disclosed in Japanese Patent Publication 
No. 23165/78 has the cross-section shown in FIG. 2 (a) 
or 2(b)." Each optical fiber core 1 has a non-circular 
cross-section such as a rectangular or hexagonal section, 

15 and hence, the light transmission . characteristics of the 
optical fiber assembly are not satisfactory. 

In contrast, the optical fiber assembly of the 
present invention has a cross-section shown in FIG. 4 (a) , 
. 4(b), 4(c) or 4(d). This optical fiber - assembly is 

20 formed advantageously by using optical fibers having a 
sectional structure shown in Fig. 3, that is, step, index 
type plastic optical fibers comprising a core 1 of a 
polymer" having a refractive index n^ and a cladding 2 
of a polymer having a refractive index n^ , which are 

25 embedded in an embedding material 3. of a polymer having 
a'refractive index n^ . When an optical . fiber assembly 
is formed from the optical fiber having a sectional 
structure as shown in Fig. 3, that is, a multilayer 
core-clad structure comprising a core, a cladding and' 

3C an embedding portion, the thickness of the embedding 
portion- can freely be controlled without .affecting the 
light transmission characteristics. When at least two 
optical fibers of this type having a multilayer core- 
-cladding structure, especially a three-layer structure, 

3 5 are bonded together, formation of an optical fiber- 
assembly becomes possible by bonding the embedding 
portions. . This process is quite different from the 
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conventional process in which claddings of .optical 
fibers are bonded together in the preparation of. the 
optical fiber assembly. As pointed out hereinbefore, 
in the optical fiber assembly formed according to the 
5 conventional process, the light transmission character- 
istics are reduced by breakage of the bonded claddings. 
This problem is substantially solved in the optical 
fiber assembly of the present invention because bondina 
is effected not through the claddings but through the 

10 embedding portions. 

According to the present invention, at least two 
'. step index type plastic optical fibers comprising a 
core 1 of a polymer having a r-e-f -rae-tive index' n^ and a 
cladding 2 of a polymer having a refractive index n 2 

15 are embedded substantially in' parallel. .to .each other in 
an embedding material of a polymer having a refractive 
index n 3 ' , wherein the refractive- indexes n^ and 
satisfy the following .formula fl] : 

ni - n 2 > 0.01 [i] 

20 ■ In the case of optical fibers not satisfying the 

formula [I] , reflection of the light incident into the 
core on the interface between the core and. cladding is 
insufficient and the light transmission characteristics 
are "poor. Thus, an optical fiber . assembly having good 

25 optical transmission characteristics cannot be obtained 
from such optical fibers. The larger the value of 
* n l ~ n 2* ' the more improved are the light transmission 
characteristics in the optical fibers. Ordinarily,' 
however, this value is adjusted within the range of from 

30 0,01 to 0.20,. 

In order to obtain pptical fibers in which gener- 
ation of noises is minimized, it 'is preferred that the 
polymers for the cladding and embedding material be 
selected so that the following formula [II] : 

35 n 3 - n 2 > 0 [II] 

is satisfied. 

Polymers having excellent optical transparency are 
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used in the present: invention. For example, there may 
be used polystyrene (n = 1-59), polymethyi methacrylate 
(n =5-1-49), a styrerie/methy 1 methacrylate; copolymer 
(n = 1. 50 -1.58)', poly-4-methylpentene-l (n = 1.46), 
a polycarbonate (n = 1.50 - 1.59.), a methyl methacrylate/ 
styrene/maleic anhydride copolymer ; (n = 1.50 - 1.58), 
a methyl methacrylate/styrene/a-methylstyrene/maleic 
anhydride copolymer (n = 1.50 -1.58), a . methyl meth- 
acrylate/vinyltoluene/inaleic anhydride copolymer, 
(ri = 1.50 - 1.58 ), f luorine-containing * polymers . having 
a -value n of 1.38 to 1.48, such as a polyf luoroalkyl 
methacrylate- polymer and a vinylidene f luoride/tetra- . 
f luoroethylene* copolymer , and deuteration products of 
the foregoing polymers , especially . deuterated .polystyrene 
(n = 1.59) and deuterated polymethyi methacrylate 
(.n = I. 49) , wherein h .indicates the refractive index 
of each polymer. • 

In the multilayer, core^cladding optical fiber used 
for the preparation of the optical fiber assembly of the 
present invention, the adhesiveness and adhesion should 
be good in the interface between the cladding arid core 
and in the interface between the -cladding and embedding 
portion. Using optical fibers which are insufficient in 
these properties, peeling or breakage of the cladding is 
readily caused, and, the optical fiber' assembly of the 
present invention having excellent characteristics cannot 
be obtained. In view of the" foregoing , it is preferred 
that "a copolymer comprising (A) 30 to 99.95%. by weight 
of a polyf luoroalkyl -ester of -acrylic acid :or methacrylic 
acid, (B) 0.05 to 10% by weight of a vinyl monomer 
containing at- least one hydrophilic group {hereinafter 
referred to as "hydrophilic monomer 11 ) and (C) 0 to 69. 95% 
by weight of another copolymerizable vinyl monomer or 
monomers be used as the polymer for formation of the 
cladding'. If the copolymerization ratio of the monomer 
(A) is lower than 30% by weight, the .refractive index of 
the copolymer is too high -and a cladding suitable for . 
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the production of an optical fiber having good light 
transmission characteristics cannot be formed. If the 
copolymerization ratio of, the monomer (A) exceeds 99.95% 
by weight, the adhesion of the cladding to the- core or 
embedding material "becomes insufficient. 

Various polyf luoroalky 1 esters of acrylic acid 
and methacryiic acid may be used,' and products obtained 
bv the .ester-forming reaction between acrylic acid or . 
methacryiic ' acid and trif luoroethanol , tetraf luoro- 
prcpanol. or pentaf lucropropanol are preferred. 

.A fluorine-containing copolymer in which the 
cqpolymerizatibr. *ratio of the hydrophilic monomer is 
lower than 0.05% by weight is insufficient in adhesion 
and resistance to heat decomposition. In contrast; a 
copolymer in which the copolymerization ratio of the . 
above-mentioned monomer exceeds 10% by weight does 
not satisfy the requirements of the transparency and 
refractive index for the cladding material. 

Suitable carboxyl group-containing monomer as the . 
hydrophilic monomer, include ethylenically unsaturated 
mono- and di-carboxylic acid monomers, ethylenically . 
•unsaturated ep.oxy monomers , ethylenically unsaturated 
carboxylic acid amides, N-alkylcarboxy lie acid amides, 
N-methylolcarboxylic acid amides, N-alkyl ethers of 
these acid amides, and ethylenically unsaturated poly- 
carboxylic acid monomers. 

Suitable ethylenically unsaturated mono- or 
dicarboxylic acid monomer, include, for example, acrylic 
acid, methacryiic acid, crotonic acid, maleic acid, 
fumaric acid, itaconic acid, glutaconic acid, 3 -me thy 1- 
glutaconic acid, muconic acid, dihydromuconic acid, 
methylene-malonic acid, citraconic acid, mesaconic acid, 
methylene-glutaric acid and monomers represented by the 
following formula: 

CH 2 =C-COO-R 2 -OOC-R 3 — (-COOH) n 

wherein R, stands for -H or -CH , R 9 stands 
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fcr an a l>:y 1'er.e group having 2 to 4 carbon 
atCGs , R. s -canes :cr an alkyiene group having 
2 ic 3 carbon atoms f -CH=CE- or a phenylene 
group , and n is an integer of 1 or 2. 
From the viewpoint bi improving the adhesiveness or 
thermal stability, acrylic acid .and methacrylic acid 
are especially preferred as the hydrophilic monomer. 

Suitable give idyl group-containing monomer -as 
another, type of hydrophilic monomer, include "glycidyi 
methacrylate, glycidyi aery late, £ -me thy iglycidy 1 
methacry late , S-methy iglycidy i aery late .and ally 1 
glycidyi ether. Of these, glycidyi methacrylate and 
me thv Iglycidy 1 methacrylate are preferred. 

Suitable carboxyli.c acid amine group-containing 
monomer, include the ethy lenically unsaturated ca'rbpxyli 
acid amides, .N-aiky lcarbcxy lie acid amides, N-methylol- 
carboxylic acid amides and alkyl ethers thereof. 

Suitable amide group-containing monomer, include 
acrylamide, methacry lamide , N-methy lacry lamide , N-methyl 
methacry lamide , N , N-die.thylacry lamide , N , N-diethy lmeth- 
acrylamide, maleic acid amide, fumaric acid amide, 
itaconic acid amide , monoamides , diamides and ester 
amides of other ethy lenically unsaturated dicarboxylic 
acids , N-methylolacrylamide , N-methylplmethacry lamide , 
and derivatives thereof. 

Suitable hydroxy 1 group-containing monomer, include 
hydroxyethyl acrylate, hydroxyethyl methacrylate , 
hydroxypropyl. acrylate , hydroxypropy 1 ; methacrylate , 
hydroxybutyl acrylate, hydroxybutyl methacrylate, 
hydroxyhexyl -acrylate and hydroxyhexyl methacrylate. 

Suitable vinyl monomer (C) , include, for example, 
methyl- methacrylate f ethyl" methacry late , n-propyl 
methacrylate, n-butyl methacrylate, nonyl methacrylate, 
lauryl methacrylate, methyl acrylate, n-butyl acrylate, 
2^ethylhexyl acrylate, styrene, a-methylstyrehe and- 
maleic anhydride, or amixture thereof. In view of the 
copolymerization characteristics, esters of methacrylic 



01 31058 



acid are preferred. 

If it is only intended to reduce the refractive 
index of the cladding • material , it is preferred that the 
vinyl monomer-. (C) not be present, in the polymer consti- 
5 tuting the cladding material. However, since the vinyl 
• monomer .(C) acts as a refractive index-adjusting agent, ' 
it is preferred that the vinyl monomer (C) is copoly- 
merized in an amount of from 0 to 69.95%' by weight in 
the polymer constituting- the cladding material. . If the 

10 copolymerization ratio of the vinyl monomer (C) exceeds 
69.95% by weight, the refractive index cf the resulting 
polymer becomes tec high and the polymer is not suitable- 
for use as the cladding material, .Furthermore, this 
•vinyl monomer (C) is effective for adjusting the glass- 

15' transition temperature of the polymer to be used as the 
cladding material. For example, if a vinyl monomer 
which homopolymerizes to- a material having a high glass 
. transition temperature is copolymerized, the resulting 
copolymer will also have a high glass transition, temper- 

20 ature. -.If a .vinyl monomer which yields -a homopolymer 
having a low glass transition temperature is copoly- 
merized, the resulting copolymer will also have a low 
glass transition . temperature . Accordingly, the vinyl 
monomer (C) is appropriately selected according to the 

25 intended use of the optical fiber assembly. 

• An ordinary radical polymerization initiator may be. 
used as the polymerization catalyst for formation of the 
polymer used as- the cladding material- in the present 
invention. For example, organic peroxides such as 

30 di-tert-butyl .peroxide , dicumyl peroxide, methyl ethyl 
ketone peroxide, tert-butyl perphthalate , tert-butyl 
. perbe.nzoate, methyl isobutyl- ketone peroxide, lauroyl 
peroxide, cyclohexyl peroxide, 2,5-dimethyl-2 , 5-di-tert- 
-butyl-peroxyhexane, tert-butyl peroctanoate ,.. tert-butyl 

35 perisobutyrate and tert-butyl-peroxyisopropyl carbohate, 
and azo compounds such as methyl 2,2 l -azobisisobutyrate, 
1 , 1 1 -azobiscyclohexane carbonitrile , 2-pheny laz.o-2 , 4- - 
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-dimethyl-4-methoxyvaleronitrile, 2-carbamoyl-azobis- 
isobutyronitrile , 2,2* -azobis (2 , 4-dimethylvaleronitrile) 
and 2,2' -azobisisobutyronitrile can be used. 

Alkylmercaptan which "are" -customarily used as. a 
modifier of the polymerization degree, may be used as. a 
chain. transfer agent at the step;of forming the cladding 
polymer. 

Any conventional polymerization means may be used 
in this process including suspension polymerization, 
bulk polymerization and solution polymerization.. In 
order to obtain a polymer having a high purity, a bulk 
polymerization process is\ preferred. . 

The multilayer ' core-cladding optical fibers used in 
the present invention should have such properties that 
when an optical fiber assembly is formed by bonding at. 
least. two optical fibers, reduction of the light trans- 
mission characteristics due to breakage of the cladding 
and deformation of the interface between the core and 
cladding is not caused. Since the multilayer core-clad 
optical fibers used in the present invention have an 
embedding portion around the cladding, the optical 
fibers of the present invention are more advantageous as 
compared with the conventional step index type optical 
fibers having a two-layer structure in that occurrence 
of the above-mentioned troubles is. substantially .pre- 
vented when an optical fiber assembly is prepared- - In 
order to further obviate the occurrence • of the above 
difficulties, it is preferred that the thickness of 
the .cladding of the optical fiber. having a multilayer 
"core-cladding structure, which is used in the present 
invention, be 1 to 30 ym, especially 2 to_ 20 ynu If 
the thickness of the cladding is smaller than 1 ym, the 
light reflecting property in the core-cladding interface 
is reduced. If the . thickness of the cladding is larger 
than 30 ym, peeling or cracking is readily caused in the 
core-cladding interface. 

The thickness of the cladding can be controlled by 
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controlling the supply of the polymer to a zone A of a 
spinneret apparatus shown in Fig. 5/ According to one 
preferred method of this invention, optical fibers 
extruded from the. spinneret are drawn at a temperature 
of 120 to 180°C an4 a draw ratio of 1.1 to 5.0* 

The optical fiber, assembly of the present invention 
may be prepared according to various methods as described 
below.' 

According to the first method, .at least two core- 
-cladding optical fibers are formed from two polymers 
satisfying "the requirement cf the formula [I] and 
extruded together in an embedding portion composed of a 
melt of a polymer having refractive index to form a 
sheet or rod in which ' the optical fibers are arranged 
-substantially in parallel to each other, and then,, the 
sheet or rod is cooled- to be solidified.- According - to- 
the. second method, polymers having refractive indexes 

n l ' n 2 ^ nd n 3 sati - fying the rec 3 uirements of the 
formulae [I] and. [II] are extruded from a spinneret in 
the form of optical fibers having an embedding polymer 
surrounding the optical fibers with at least two of the 
individual optical fibers arranged substantially in 
parallel to each other before they are cooled to be 
solidified, whereby they are bonded to each other 
through the embedding portions by fusion, and then, the 
optical .fibers surrounded by the embedding are cooled to 
be solidified. According to the -third method, multilayer, 
core-cladding optical* fibers and an embedding polymer, 
formed in the same manner as in the second method, are 
cooled and thereby solidified and a plurality of these 
optical fibers surrounded by embedding are arranged 
. substantially in parallel and bonded together through 
the embedding portions by- heating them. Among these 
methods, the third method is most preferred. 

This last. and preferred method will now be described 
in detail. At "first, optical fibers are melt-shaped by 
using, a spinning nozzle assembly shown in Fig. 5- (a) 
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or 5-(b). A polymer having a refractive index, n^ is 
supplied to a zone B-^ of the .spinning nozzle, and then, 
a polymer having a refractive index n. 2 is supplied to 
a zone A to form a core-cladding structure. Then, a 
5 polymer having a refractive index n^ is' supplied to a 
" zone to form an embedding material. The polymers 
are thus extruded from the orifices to prepare a number 
of optical fibers having a multilayer core-cladding ■ 
. structure. The optical fibers are arranged in parallel 

10 to one another, and the embedding portions of the fibers 
are bonded together before cooling and. solidification 
thereof- Solidification under, cooling is then effected 
to 'form an optical fiber assembly of the present inven- 
tion; According to this method,, the core-cladding 

15 interface is prevented from falling in direct contact 
with the opening face of the nozzle when the optical 
fibers are prepared. Since the., conventional '.step index 
type optical . fibers have a core-cladding two-layer 
structure, the core-cladding ..interface is brought very 

20 close to the opening face of the nozzle, and therefore, 
disturbance is : . caused because of the Barus effect at the 
time of extrusion. Furthermore, even if the nozzle is 
formed at a very precision, fine scratches or stains are 
present on* the opening face of the. nozzle and hence, 

25 disturbance is caused- on the opening, face of the nozzle. 
Therefore, according to the conventional techniques, 
optical fibers excellent in the light transmission 
characteristics cannot be obtained. In contrast,, 
.' according to the above-mentioned method of the present 

30 invention, access of the core-cladding interface to the 
opening face of the nozzle is moderated and the extruded 
'fibers do not undergo bad influences of the Barus effect. 
'Moreover, even if scratches or stains are present on the 
opening face of the nozzle, a smooth interface can be - 

35. formed by .dint of viscosity characteristics of the 
molten polymers. Accordingly, optical fibers having 
very excellent light "transmission characteristics can 
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be obtained . 

In the optical fiber assembly of the' present 
invention, at least • two optical fibers, scores of 
thousands of optical fibers in some case, are arranged 
substantially in parallel to one another and they are 
bonded together through the • embedding portions. This 
optical fiber assembly is preferably prepared by using a _ 
spinning device comprising orifices arranged at intervals 
of 0.05 to ,5 mm.. If the orifice distance is too small, 
undesirable adhesion of fibers by fusion is caused on 
the lower face of the nozzle device and formation of 
■optical fibers having' gccd light transmitting charac- 
teristics becomes difficult... If the orifice distance is 
too large, troubles are readily caused at the subsequent 
step of bonding the optical fibers through the embedding 

portions. • 

Bonding of optical fibers . through the embedding 
portions, should be carried out so that, the claddings of 
the optical fibers are not damaged and that a substan- 
tially parallel arrangement is maintained. In order to 
form an optical fiber assembly having good properties, 
while satisfying these requirements, it is preferred 
that the thickness of the embedding portion of each 
optical fiber be 0.5 to 100 urn, more preferably. 1 
to 50 ym. If the thickness .of the • embedding portion is 
smaller than 0.5 um, an. optical fiber. assembly having a 
high fiber accumulation density can easily be obtained, 
but the claddings are readily damaged when the optical 
fibers are -bonded together. . If the thickness of the 
embedding portion exceeds 100 ym, bonding of optical 
fibers through the embedding portions can be facilitated 
and the claddings are hardly damaged at the time of : 
bonding, but an optical fiber assembly having a high 
fiber accumulation density can hardly be obtained. The 
thickness of the embedding portion can be adjusted, for 
. example, by controlling the amount of the polymer to be 
supplied to the zone of the apparatus shown in Fig. 5 ; 
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and by drawing the extrudate at a temperature of 120 to 
18G°C and a draw ratio of LI to 5.0. 

An assembly of substantially parallel optical 
fibers the production of which is -very' difficult 
5 according to the conventional methods", can easily be 
prepared according to the present invention. In the 
present invention, if a plurality of sheet-like assem- 
• blies of substantially parallel ^ optical ribers are piled 
and laminated,, an optical /fiber assembly having- a larger 
- io capacity can easily be obtained. 

In the conventional'' -step ■ index type optical fiber 
assembly, with an. increase of the number of the optical 
-fibexs to be arranged in parallel to one another, the 
flexibility is reduced and the handling property is 
15 degraded. . In contrast; in : the optical fiber assembly of 
■ multilayer -core-cladding optical fibers according to the 
present invention the intended flexibility ' can easily 
be maintained- More specifically/ after both the end 
- face portions of the optical fiber assembly are secured, 
20 the intermediate part" between both the end - face portions 
which is required to be flexible is crumpled to release 
the bonding in the embedding portions , Whereby the 
'intended flexibility can be maintained. In the case of 
a fiber assembly formed by bonding the conventional step 
25 index type optical "fibers , if the bonding is released in 
an intermediate part between both the end face portions , 
. : as shown in -Fig. l-(b), the claddings of the optical 
fibers are damaged and reduction of the light, trans- 
mission characteristics cannot be avoided. The optical 
30 fiber assembly .of -the present invention, which is formed 
by bonding multilayer core-cladding optical fibers, 
avoids the above-mentioned disadvantage. - 

The present invention will now be described in 
detail with reference to. the following examples that by 
35 no means limit the scope of the invention. In the 
examples, parts are by weight. 
Example 1 
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A mixture, comprising 100 parts of methyl raeth- 
acrylate, 0.40 part of t-butylmercaptan and 0.0017 part 
of di-tert-butyl peroxide was heated at a temperature 
of 155 °C for ah average residence time of 4.0 hours, 
according to the continuous bulk polymerization, process, 
in a reaction vessel having a spiral ribbon type stirrer. 
The reaction mixture thus obtained was fed to a devola- 
tizer as shown in BP 1,423, 28.8 provided with a twin-screw 
vent. Then; the volatile components were separated 
through the vent. The. vent portion^was kept at a 
temperature, of 240°C and under a pressure of 4 mmHg, 
while an extruding portion was kept at a temperature 
of 230 °C. "The polymer melt thus formed was discharged 
through a gear .pump maintained at 230°C and. supplied as 
core polymer and embedding material to a core-sheath 
comDOsite spinning ■ head maintained at 230 °C. 

Separately, 2 , 2 , 2-trif luoroethyl methacrylate 
prepared from methacry loy 1 chloride and 2 , 2 , 2-trif luoro- 
ethanol was polymerized by using azobisisobutyronitrile 
as a catalyst in" the presence of a small amount of 
n-dctylmercaptan to form a. sheath polymer having a 
refractive index of 1.413. . The .sheath copolymer was 
passed through a screw melt extruder and supplied via a 
gear pump to the sheath-core composite spinning head. 

The simultaneously supplied core and sheath molten 
polymers were extruded at 230°C through a spinneret 
shown -in Fig. 5- (a) (the orifice diameter was 1.0 ram, 
the number of orifices was 64 and the orifice distance 
was 1.0 -mm) . T-The extrudate was gathered in two layers 
by guides at a position 15 cm below the spinneret and 
the two layers were contacted to bond them together by 
fusion. The' two-layer sheet having 64 optical fibers 
was- completely cooled, taken up at a speed of 100 m/min 
by a nip roller and then wound on a tape winder. 

From the results of microscopic observation, it was 
confirmed that the obtained optical fibers in the sheet 
had a core diameter of 80 ym, and a sheath thickness of 
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3 urn, the outer embedding portion had a thickness .ox. 
12 ym,' and the sheet had a thickness of 0.2 mm with a 
width of 3.5 mm. Thie product was a" very soft sheet-like 
light transmitting member having two layers; each having 
32 (optical fibers) arranged' subs tantially in parallel. 

The two- layer sheet-like light 'transmitting member ' 
was cut into a length of 20 m, arid when light was 
jiniforrniy introduced from one end arid light coming" from, 
the other end was examined, it was found, that there, was ' 
no substantial unevenneiss of the light intensity among 
- the -64 optical' fibers. . 

The sheet-like light transmitting member was set at 
an apparatus for measuring the light transmission loss, ' 
and an intermediate part of the sheet-like .light trans- 
mitting member was /crumpled over a length of 1 m to 
•separate the 64 optical fibers individually. No change ' 
of the quantity of the transmitted light was" observed-. 
The -transmission loss of the entire sheet was 260 dB/km. 

Example 2 

The spinning operation was" carried out in the same 
manner as described in Example 1, and the. optical fibers 
were copied to be thereby solidified without bonding 
the embedding portions below the spinneret. The optical 
fibers were taken up at a speed. of 10 m/min by a first ' 
nip -roller and were then drawn at a draw ratio of 1.5 " 
in a drawing box heated at 145°C. A" guide was disposed 
at the outlet of -the drawing, box, and 10 optical fiber 
filaments were gathered and contacted to bond each other 
through the embedding material". . The light transmitting 
member thus formed was taken up by a" second nip roller 
and wound on a winder. When the section of the obtained 
light transmitting member was observed by a microscope, 
it was confirmed that 10.. f ilaments were accumulated, in a 
triangular form as shown in Fig. 4- (c) . The distances. ' 
between every two ad j acent filaments "was uniform and the 
filaments .were regularly arranged. In' the" obtained 
light transmitting member, the core" diameter was 200 ym, 
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the cladding- thickness was 4 ym and the thickness -of the 
embedding portion was 30 pm. ' . The transmission, loss of 
the 10 filaments as a whole was 270 dB/km. Accordingly, 
in the obtained light transmitting member , the trans- 
mission .loss was greatly reduced, and the uniformity was 
very. excellent- 
Triangular light transmitting members prepared 
' according to the above-mentioned methods were accumulated 
and arranged as shown in Fig, 4- (d) , and ah image guide 
was constructed by using an epoxy resin adhesive. In. 
this image guide, the image distortion, or divergence was 

very small. 

Comparative Example 1 

A '."light transmitting member in which core-cladding 
'two- layers light transmitting fibers were bonded through 
cladding portions by fusion was prepared in the same 
manner as described in Example 1 except that an con- 
ventional core-sheath orifices were used instead of the 
orifices used in. Example 1. 

The light transmitting member was cut into a length 
of 20 m,and when light was uniformly introduced from • 
one end and light coming from the other end was observed, 
' it was found that the unevenness of the light intensity 
was very large among 10 light transmitting members, and 
some light transmitting members hardly transmitted the. 
light. The transmission loss of the 10 light guides as 
a whole was'3,500 dB/km. 

According to the above-mentioned method, a core- 
-cladding optical fiber assembly was prepared by using a 
rectangular orifice as shown in Fig. 2- (a). The bonding 
state of the •• optical fibers was good, but the unevenness 
of the light transmission was very large and the light 
transmission loss was .as large as 1,700 dB/km. 
Example 3 

An autoclave for bulk polymerization having an 
inner capacity of 2 liters was charged with 100 parts 
of a monomer mixture shown in Table 1 for a cladding 
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polymer 0.05 part of azobisisobutyronitrile and 0.1 
part cf n-dodecyime'rcaptaTu ■■''Polymerization was carried 
out : at -50 °C for' -10 hours and -Ht 70 °C for 5 hours to 
obtain a cladding polytner "having- properties shown in 
5 Table- 2. • ' " : \ ^ - ■ * 

Separately, a mixture comprising' 100 parts of 
methyl methacf ylate , 0.40 part of t-butylmercaptan £nd 
0.0017 part of di-text-butyl' peroxide was heated at a 
temperature of 155°C fgr a residence time of 4 hours 
0 according to a continuous -bulk polymerization method 
using a' reaction vessel'* provided' with a" spiral ribbon 
type stirrer." The ' react-ion -mixture thus obtained was 
fed to .a devolatizer provided with a twin-screw vent as 
in Example 1. Then, the polymer melt thus formed was 
5 supplied as' core polymer 'ais well- as 'embedding polymer 
to an'extruder : where : volatile. components were removed 
through a- vent kept at' a tempera rare of 240°C and 
under a pressure .• of - 4 mmKg rf ~:-' * .:" 

The extruding portion' was' kept at a temperature' of 
230°C. Then, the polymer thus- formed was supplied to a 
spinning head ' maintained at' 2-3 0.°C-.- " 

Also the cladding polymer' was melted and supplied 
to the spinning head. , The* spinning operation was /carried 
out in the* same manner- as described in Example 1 • except 
that a 100-hole spinneret was used. The spun fibers 
were taken * up at a speed of 10 m/min and drawn . at a 
temperature of 140°C and- a draw ratio of 1.8. A guide 
was disposed at the outlet of the drawing box, and 1 . 100 
optical fibers were • gathered' and bonded together through 
the embedding material- to*' form an optical fiber assembly 
in which- the 100 optical fibers were arranged in a plane. 
The distances between every - two adjacent fibers were 
uniform. -The fibers were regularly arranged and no 
unevenness of the light transmitting property was * 
observed. The optical fibers had a core diameter of 
100 m and properties shown in Table -2. 
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Example 4 

An optical fiber assembly was prepared in the same 
manner. as described, in Example 3 except that polymethyl- 
methacrylate having a refractive index of 1.49 was used - 
5 as core polymer ' and the embedding material and a penta- 
fluoroprdpyl methacrylate/methyl methacrylate/methacrylic 
acid copolymer (70/28/2 weight ratio) having a refractive 
index of 1.422 was used as the cladding polymer.. The 
properties of the optical fiber assembly thus obtained 
10 are . shown in Table 3.. 
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Example 5 

An optical fiber assembly was prepared in the same 
manner as described in Example 1 except that a trif lubro- 
ethyl acrylate/methyl methacrylate/methacrylic acid 
copolymer (65/33/2 weight ratio) having a refractive- 
index 1.440. was used as the cladding polymer instead 
of the trif luoroethyl me thacry late. polymer used . in 
Example 1... Incidentally, the' value of (n 1 ^ n 2 ) was 
0,05, the value or (n 3 - -n^ was 0.05, and n 1 was equal 
to n 3 - The properties of the obtained . optical fiber 
assembly are shown in Table 4. 
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Example 6 . 

Three-layer optical fibers were prepared by spinning 
a polymer shown in Table 5 as the core- forming polymer, 
the fluorine-containing polymer used in Example 4 as the 
cladding polymer and polymethyl methacrylate as the . 
embedding polymer. In the obtained optical fiber,, the - 
core diameter was 19.0 ym, the thickness ■ of the cladding 
was 10 yiri and the thickness of the embedding portion was 
20 ym. . The obtained results are shown in Table' 5. 
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Having now fully described this invention, it will 
be apparent to one of ordinary skill in the art, that, 
manv changes .and modifications' can be made thereto 
without departing from the spirit or scope of the 
invention as- set forth herein. 
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CLAIMS 

1. An optical fiber assembly comprising at least 
two plastic optical fibers and an embedding material , 
said plastic optical fibers being arranged substantially . 
in parallel to each other and embedded in said embedding 

5 ' material, wherein each plastic optical fiber comprises 
a core of polymer having a refractive index, n^ , and. a 
cladding of a polymer having a refractive index, , 
wherein the refractive indices n^ and satisfy the 
following relationship [I] - 
10 n 1 - n 2 > 0.01 [I] -', 

and wherein' said embedding material comprises a polymer 
having a- refractive' index n^. 

2. The .optical fiber assembly according to 
claim 1, wherein the cladding polymer having a refrac- 

15 tive index is a copolymer comprising ; (A) 30 to 99.95% 
by weight of a • polyf luoroalky.l ester of acrylic acid 
or methacrylic acid, (B) 0.05 to 10% by weight of a 
vinyl monomer containing at least one hydrophilic group 
and (C) 0 to 69.95% by weight .of one or more copoly- 

20 merizable vinyl monomers, thereby attenuating the 

refractive index n 2 of said cladding polymer, wherein 
said refractive indices and n^ satisfy the following 
relationship [II] 

.. . n 3 - n 2 > 0 .[II] . 

2 5 - - 3. The optical fiber assembly according to 
claim 1, wherein said core polymer of the plastic 
optical fibers comprises polystyrene, refractive index 
of 1.59; polymethyl methacrylate , refractive index of 
1.49; styrene/methyl methacrylate copolymer, refractive 

30.. index of 1.50 to 1.58; poly-4-methyl-l-pentene , refrac- 
tive index of 1.46; polycarbonate, refractive index 
of 1.50 to 1.59; methyl methacry late/styrene/maleic 
anhydride copolymer, refractive index of 1.50 to 1.58; 
methyl methacrylate/styrene/a-methylstyrene/maleic 

35 anhydride copolymer, refractive index of -1.50 to 1.58; 
methyl methacry late/vinyl toluene/maleic anhydride 



- 29 - 



01 31 058 



copolymer, refractive index of 1.50 to 1.58;- fluorine- 
-containing polymers having .a refractive index of .1.38 
to 1.48; and the deuteration products of the foregoing 
polymers. 

'A: The optical fiber assembly of claim 1, wherein- 
the value ' (n x -n 2 ) is in the range of 0.01 to. 0.20. 

5. The optical fiber assembly of claim 1; wherein 
the thickness of said cladding is' about 1 to 3 ym. 

6. The optical fiber assembly of claim 5, wherein, 
the thickness of said cladding is about 2 to 20 ym. 

7. The optical fiber assembly of claim 1, ■ wherein 
the thickness of said embedding material is about 0.5 

to 10.0 y-b. • 

8 . The optical fiber assembly of claim 7 , wherein 
the thickness of said embedding material is about 1 to 
5 0 ' iim . ■ 

• 9. The optical fiber assembly of claim 2, wherein ■ 
the' polyf luoroalkyl ester of acrylic acid or • methacry lie. 
acid comprises the products of the ester-forming reaction, 
of trif luoroethanol, tetraf luoropropanol or pentafluoro- 
propanoi and acrylic acid or methacrylic acid. 

10. The optical - fiber assembly of claim 2, wherein 
said vinyl monomer comprising at. least one hydrophilic 
group comprises carboxyl group-containing monomers, 
glycidyl group-containing monomers, carboxylic acid- 
-amine group containing monomers, amide' group-containing 
monomers, and* hydroxy 1 ' group-containing monomers. ■ 

11. The optical fiber assembly of claim 10, wherein 
said vinyl monomer comprising at least one hydrophilic 
group comprises acrylic acid and methacrylic acid. 

12. The optical fiber assembly of claim 2, wherein 
said copolymerizable' vinyl monomer (C) comprises methyl 
methacry late, ethyl methacry late , n-propyl methacry late , 
n-butyl methacry late, nonyl methacrylate , lauryl meth- 
acry late, methyl aery late, n-butyl acrylate, 2-ethylhexyl 
aery late, styrene, . a -iaethylstyr«ne and maleic anhydride 
or mixture thereof. 
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13. A" process for the preparation of optical fiber 
assemblies which comprises: 

(a) extruding from a spinneret assembly a 
plurality of optical fibers comprising a core of a 

5 polymer having a refractive index n^ , and a cladding 
of a polymer having a refractive index n^ */ and an- 
embedding material of a polymer , according to a melt- ■ 
-spinning method, in three layers of core-, cladding and 
embedding material , .. wherein the refractive indices n^ 
10 • and n^ satisfy the. following, relationship [I] : 

. n, - n 2 > 0.01 [I] 

(b) arranging said optical fibers, embedded 
in said embedding .material, substantially in parallel to 
eachrother before . solidification thereof , and 

15 (c) ..bonding said optical fibers together 

' .through said embedding material. 

14. The process for the preparation of optical 
fiber assemblies according to claim 13, wherein streams 
of a melt of said core polymer are first formed in the 

20 spinneret assembly, then.- streams of a melt of ^said 
cladding polymer are. formed around said core polymer 
streams, then streams of a melt of said embedding polymer 
are formed around said cladding polymer streams, and 
then "the formed three-layered composite melt streams 

25 are extruded from said spinneret assembly. . 

15. The process, for the preparation of optical 
fiber assemblies 1 according to claim 13, wherein said 
cladding polymer comprises a copolymer comprising (A) 
30 to 99.95% by weight of a polyf luoroalky 1 ester of 

30 acrylic acid or methacrylic acid, (B) 0.05 to" 10% by 
weight of a vinyl monomer containing at least one 
hydrophilic group and (C). 0.. to 69.95% of one or more 
copolymerizable vinyl monomers, thereby attenuating 
the refractive index h^ of said cladding polymer. 

35 16. The process for the preparation of optical 

fiber assemblies according to claim 13, wherein the 
thickness of said cladding is about 1 to 30 ym. 
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17. The process for the preparation of optical 
fiber assemblies- according to claim 13, wherein the 
thickness of said embedding material is about .0.5 
to 100 ym. 

5 • 18. ' The process for the preparation of optical 
fiber' assemblies according to claim 16-, wherein the 
thickness of said cladding is controlled; by drawing the 
multi-layer composite polymers comprising the core- 
-cladding optical fibers and the embedding material, 
10 ■ and' extruding said multi-layer composite polymers from 
the spinneret assembly. 

IS. The process for. the preparation of optical 
fiber assemblies according to claim 16, wherein said 
multi-layer composite polymers are extruded from the 
15 spinneret assembly at a temperature of about 120 to 
180°C and' a draw ratio of 1 about 1.1 to 5.0. 

20. . The process for the preparation" of optical 
fiber assemblies according to claim 17, wherein the 
thickness of said embedding material is controlled by 

20 ■ drawing the multi-layer composite polymers comprising 
the core-cladding optical fibers and the embedding 
material, and extruding said multi-layer composite 
polymers from the spinneret assembly. 

21. The process for the preparation of optical 
25 fiber assemblies according. to claim 20 , wherein said 

multi-layer composite polymers are extruded from the 
spinneret assembly at a temperature of about 120 to 
180 °C and a draw ratio of about 1.1 to 5.0. 
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